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Title: "Tire for vehicles having a high wear resistance and 
vulcanizable rubber composition for making the same" 




DESCRIPTION 
Background of the invention 

The present invention relates to a vehicle tire, in 
particular while not exclusively, for cars and light 
trucks, provided with a high wear-resistance tread. 

The invention also relates to said tread, as well as to a 
vulcanizable rubber composition of the type comprising a 
cross-linkable unsaturated chain polymeric base; and to a 
sulfur-based vulcanizing system. 

In the following description and in the subsequent claims, 
the terms: cross-linkable unsaturated chain polymeric base, 
are used to indicate any non cross-linked polymer or 
polymer blend, either natural or synthetic, capable of 
assuming all the physical -chemical and mechanical 
characteristics typical of elastomers as a result of cross- 
linking (vulcanization) with sulfur-based systems. 

Prlo^ajrt 



In the field of vehicle tire manufacturing, one of the more 
difficult objects to be reached has always been that of 
increasing the wear resistance of the tire, achieving at 
the same time a satisfactory skid resistance on wet road. 

The difficulties for achieving the aforementioned object 
have been worsened in recent times by the need of 
satisfying at the same time also a third parameter, namely, 
a reduced rolling resistance, which is at present strongly 
required by the tire market, which further complicates the 
problem of achieving a satisfactory compromise between all 
of the aforementioned parameters. 
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ttT" 1 ^' " r ° llin9 rSSiStanCe - thieved by using in 

the rubber composition of the tread the so-caUed light 
rexnforcing fillers (first of all silica) » i 

, blilca) ' a lower amount 

o, carbon black, a suitable amount of carbon black having a 
reduced surface area and being, as such, less reinforcing 
or a combination of two or more of the aforementioned 



measures . 



Among the formulation criteria for the rubber compositions 
of the treads usually adopted in the art in order to 
increase the wear resistance of the tire, it is possible to 
mention the use of polybutadiene in the polymeric base of 

the rubber composition or the use n f ™ ■ ^ 

- ■ , , use of mor e reinf orcinq 

fillers and/or greater amounts of the same. 

However, in both cases, a worsening in other properties of 
the tire, such as wet skid resistance in the first case 
and rolling resistance in the second case, is observed. ' 

in order to increase the wear resistance of the tire tread 
to be used in heavy vehicles, it was also proposed to 
introduce specific thermosetting resins in the polymeric 
base, such as for instance m-cresol -formaldehyde or phenol 

T^ S : ^ ±S . deSCrlbed ±n ^Panese patent applications JP 
7-109381, JP 7-109382 and JP 7-109383. 

However, in so doing, a greater rigidity of the tread at 
low temperature, and a higher energy dissipation due to 
hysteresis with a possible increase in rolling resistance 
were observed. . 

SUMiarySsf th P i nvention 
A- 

The technical problem underlying the present invention is 
therefore that of devising and providing a tire that, while 
having an improved wear resistance, keeps substantially 
unaltered its characteristics of wet skid resistance and 
rolling resistance. 
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According to the invention, the aforementioned problem is 
solved by a tire for vehicles comprising a tread comprising 
a vulcanized polymeric base including: 

a) at least one reinforcing filler dispersed in said 
polymeric base, 

b) an amount of extractable residue of at least one 
vulcanization accelerator containing at least one 
carbon atom bound to at least two sulfur atoms between 
0.5 and 1.8% by weight "based on the total weight of 
the tread; 

c) an amount of at least one activator, expressed as 
equivalents of zinc oxide, not greater than 2% by 
weight based on the total weight of the tread; 

d) an amount of combined sulfur lower than 2.5% by 
weight based on the total weight of the tread. 

In the following description and the subsequent claims, the 
terms: extractable residue of at least one vulcanization 
accelerator, are used to indicate the by-products deriving 
from the in situ reaction of the accelerator and which are 
not irreversibly bound to the vulcanized polymeric matrix. 
Such by-products may be chemically extracted from the 
vulcanized rubber composition, for instance by means of 
suitable solvents. The extractable residue so obtained may 
be analyzed with respect to both quality and quantity by 
means of analytical methods known per se, such as for 
instance high pressure liquid phase chromatography (HPLC) . 

In the following description and the subsequent claims, the 
terms: equivalents of zinc oxide, are used to indicate the 
parts by weight of activator having an effectiveness 
substantially identical to one part by weight of zinc 
oxide, the vulcanization conditions being equal. 

In the following description and the subsequent claims, the 
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terms: coined sulfur, are used to indicate the sulfur 
that has actually contributed to the formation of the 
vulcanization network, i.e., the sulfur that is pres ent in 
_ the cross links formed between the various polymeric 
> chains. Conveniently, the combined sulfur may be deleted 
by means of analytical me thods known per se , for instance 
by extraction with acetone, according to ASTM D 291 
standards. 

According to the invention, it has surprisingly been found 
that- the desired improvement in wear resistance may be 
achieved without affecting neither the wet skid resistance 
nor the rolling resistance, when the tread has - once 
vulcanized - the aforementioned combination of 
characteristics, and in particular: 

i) a high amount of an extractable residue of at least one 
vulcanization accelerator containing at least one carbon 
atom bound to at least two sulfur atoms, i e it is 
obtained starting from a rubber composition containing a 
high amount - typically between 4 and 7 phr - of at least 
one vulcanization accelerator; 

ii) a reduced amount of activator; 

iii) a reduced amount of combined sulfur. 

Very surprisingly, the tires of the invention, road-tested 
and compared with entirely equal tires but incorporating a 
tread according to the prior art, have achieved - the 
formulation of the polymeric base being equal - a dearly 
higher wear resistance, while keeping substantially 
unaltered the values of rolling resistance and wet skid 
resistance. 

According to the invention, it has unexpectedly been 
observed that such advantageous results can be achieved 
when the tire tread includes an amount of activator lower 
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than the minimum amount, and an amount of extractable 
residue of the vulcanization accelerator higher than the 
maximum amount that the prior art in this field suggests to 
use for the manufacture of treads having an improved wear 
5 resistance. 

So, for instance, Japanese patent applications JP 7-109381, 
JP 7-109382 and JP 7-109383 mentioned above disclose rubber 
compositions for treads wherein the minimum amount of 
activator in the vulcanizing system is not lower than 3 

10 phr, while the maximum amount of vulcanization accelerator 
is in the order of 1 phr, thus obtaining in the vulcanized 
rubber composition a markedly lower ' amount of extractable 
residue of accelerator and a markedly higher amount of 
activator in terms of zinc oxide equivalents than those 

15 detectable in the tire tread of the invention. 

Advantageously, a tire provided with a tread having the 
aforementioned characteristics, achieves the aforesaid 
unexpected improvement of its wear resistance, in all the 
severity use conditions of the tire (high, medium, low) . 

20 The invention also allows to limit the problems related to 
the use of polybutadiene , indicated by the prior art as an 
ingredient capable of improving the wear resistance of the 
tread and whose amount may be reduced and in some instances 
eliminated, such as for instance the difficulty of 

25 homogeneously disperse such polymer in the polymeric base, 
and especially the worsening of wet skid resistance. 

Finally, the tires of the invention can advantageously 
allow to obtain optimum performances both in terms of tear 
resistance and in terms of resistance to the "chunking" 
30 phenomenon of the tread also in the so-called "borderline" 
use conditions. 

For the purposes of the invention, the cross - 1 inkable 
unsaturated chain polymeric base of preferred use comprises 
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all the polymers commonly used in the tire fi.iH f 
manufacturing the tread. 1Sld for 

Preferably, the polymeric base comprises at l „ 
Polymer selected from the group cc^^V JtU^T 
polybutadxene , polychloroprene, polyisoprene , optiona!" 
halogenated isoprene-isobutene copoiymers, butadL'e- 
acry lonitrile copolymers, copolymers' obtainable by 

least one vmyl aromatic hydrocarbon, optionallv 
halogenated isobutylene/ P -methyl styrene copo^s 
styrene-butadiene-isoprene terpolymers, obtained either ^ 
solution and in emulsion, ethylene -propyiene-dieL 
terpolymers, and mixtures thereof. 

Among the polymeric bases useful for the purposes of the 
xnvent.cn, those wherein said con jU gated d.ene is selected 
rrom the group comprising i 

^thyl-LS-butadiana, 1 , 3 -pentadiene , x, 3 hexadiene and 
mxxtures thereof, are particularly preferred. 

Besides, for the purposes of the invention, said vinyl 
aromatxc hydrocarbon is preferably seiected from the groTp 
comprxsxng: styrene, amethyl- styrene, p-methyl -styrene 
vxnyl-toluene, vinyl -naphthalene , vinyl -pyriLe a " d 
mixtures thereof. ' and 

Preferably, the polymeric base of the invention comprises 

1SaSt ° Pa " S by ^ ht *—d on ioo parts by weight of 
the same (phr) of a styrene -butadiene copolymer. 

As illustrated above, the surprising characteristics of 

wear resistance obtainable by the tire of the invention m 

be attributed to the particular and specific combination 7f " 

thnind ^ tread ' ln PartiCUlar - thS —nt and 

the kxnd of accelerator, to the amount of vulcanization 
activator and to the amount of combined sulfur 
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For the purposes of the invention, the vulcanization 
accelerator comprises at least one carbon atoms bound to at 
least two sulfur atoms or the S-C-S group, and is 
preferably selected from the accelerators including at 
least one 2 -benzothiazole or sulphenamide group. 

Among them, the thiazole accelerators of preferred use are 
those comprised in the class of the so-called fast 
accelerators or semi-ultra accelerators, having the 
following structural formula: 




wherein n is an integer of from 1 to 5 and X is 
group selected from: 




wherein Rl and R2 are independently H, an alkyl group, 
saturated ring optionally comprising C, S, or 0, 
cycloalkyl group having 5 or 6 carbon atoms or a group 
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C - S - 
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group comprising p 

(MBTS) , N-cyclohexyl-2-benzothiazyl-sulphenamide (CBS) N 
tert.butyl- 2 - b enzothiazyl sulphenamide (tbbs" 2 

-rpholinthia-.-benzothiazole (MBS) , N-dicyclohexyl - 2 

r° thlaZ f -Iphenamide (DCBS ) , benLth^y! - 2 . _ 

d.xsopropyl sulphenamide (DIBS) -. benzothiazyl - 2 -tert amy! 
sulphenamide /am 71 y tert.amyl 

= ^ CM ln the tlr e tread by technicrues 

and analysis apparatuses known per se. cliques 

So for instance, the amount of extractable residue of a 
-lean tion accelerator including at l east one 2 _ 
mercaptobenzothiazole group may be determined by high 
pressure i lqu±d phase chromatography (HPLC) by which it ^ 
Possxble to determine the by-product of the accelerato"r 
-ed ,n the starting rubber composition and which "not 
• ^eversibly bound to the polymeric matrix as a resu t It 
the vulcanization reaction. 

Preferably in the tire of the invention the weight ratio 
bet extractable residue of the vulcanizat^ 

accelerator and the amount of activator, expressed in ter^s 
of zxnc oxide equivalents, is not higher than 1Q and ^ 
more preferably, of from 3 to 8 . ' 
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Preferably, further, in the tire of the invention the 
weight ratio between the combined sulfur and the 
extractable residue of the vulcanization accelerator is of 
from 1.2 to 2.8 and, still more preferably, of from 1 . 7 to 
5 2.5. 

For the purposes of the invention, the activator is 
preferably selected from the group comprising: the 
oxygenated compounds of a metal selected from Zn, Bi, Pb, 
the salts formed between said metal . and a fatty acid, 
either saturated or unsaturated, having from 8 to 18 carbon 
atoms, and mixtures thereof. 

Zinc compounds were found to be particularly effective 
activators and in particular ZnO, ZnC0 3 , zinc salts of 
fatty acids, either saturated or unsaturated, having from 8 
to 18 carbon atoms, such as for instance zinc stearate, 
preferably formed in situ in the rubber composition 
starting from ZnO and a fatty acid, as well as BiO, PbO, 
Pb 3 0 4 , Pb0 2 , and mixtures thereof. 

For the purposes of the invention, the amount of activator 
expressed in terms of zinc oxide equivalents, is lower than 
2% by weight, preferably of from 0.5 to 1.5% by weight, and 
still more preferably it does not exceed 0.6% by weight 
based on the total weight of the tread. 

The amount of activator may be detected in the tire tread 
by means of techniques and analysis apparatuses known per 
se. such as for instance those described in ISO 6101/1 
standard . 

As said above, the amount of combined sulfur present in the 
vulcanized polymeric base of the tire tread according to 
the invention is lower than 2.5%, and preferably of from 
0.5 to 1.5% based on the total weight of the tread. 

The amount of combined sulfur may be detected in the tire 
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tread by means of techniques and analysis anrv™ 
Par «e. such as for instance the c Om ou stl0 n * 
extraction with acetone , « - ter 

described in ASTM D 297 standard. techniques 

5 In order to achieve the desired mechanirs 1 „ u 
characteristics, the tire tread ^ Tt 

~T fillSr SSleCted — c rb^tiacT 

based and/or silica-based fillers. tuack- 

In the following description and the subsequent claim, ^ 
> terms: silica-based reinforcing fin er lq ' ' ^ 

a reinforcing agent based on lo^phou's 

and mixtures thereof. silicates, 

With the only purpose of simplifying the n 

description, the silica-based fil ler ! of ■ 

^ indicated in the following by the til ^i"^ ^ 

The tire tread of the invention may comprise from 0 to 100 
Phr of carbon black-based reinforcing filler and * 

to the starting rubber composition) . 

"hT- ° nly C ° mPriSeS Carb ° n WaCk 33 * reinforcing 
tiller, the incorporation of from 40 to loo nhr of k 

black is particularly advantageous. ? 

If the tread only comprises s il ica as a reinforcing fl 
the incorporation of f rom 40 to 10Q s ! lica 
particularly advantageous. " 13 

If the tread comprises both carbon black and silica as 

reinforcing fil l ers , che incorporation Qf ^ " 
of carbon black and of from is to 90 phr of 

particularly advantageous. ? Slll<=a 1S 

The carbon black-based reinforcing fillers wh^h 
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conventionally employed in the art for use in tire treads 
and comprise, for instance, the carbon blacks indicated 
according to ASTM standards by the designations N110, N121, 
N134, N220, N231, N234, N299, N330, N339, N347, N351, N358 
and N375 . 

The silica-based reinforcing fillers which may be used in 
the tire tread of the invention are those conventionally 
used in the art; preferably, the silica of most 
advantageous use is precipitated silica having a surface 
area, measured according to the BET method, of from 10 0 to 
300 m 2 /g. 

If a silica-based reinforcing filler, either with or 
without carbon black, is used, the rubber composition 
employed for manufacturing the tire tread of the invention 
preferably incorporates a suitable coupling agent capable 
of interacting with silica and bind the latter to the 
polymeric base during the vulcanization of the same. 

Coupling agents of preferred use are silane -based known in 
the art and used in amounts that may be easily determined 
by those skilled in the art. 

Among them, the silane-based binder bis ( 3 - triethoxysilyl - 
propyl) tetrasulphide or TESPT,. marketed by Degussa under 
the name of Si69, as such or in a suitable mixture with a 
low amount of an inert filler (for instance carbon black or 
the same silica) , in order to facilitate its incorporation 
in the rubber composition, is particularly preferred. In 
this case the silane-based binder is marketed under the 
name of X50S (50% carbon black, 50% silane) . 

According to a further aspect of the invention, a tread for 
vehicle tires is provided, in particular a premolded tread 
for covering worn tires, having an improved wear 
resistance, a good wet skid resistance and optionally a low 
rolling, resistance, comprising a vulcanized polymeric base 
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comprising : 

a) at lease one reinforcing fill er dispersed ±n 
polymeric base, lcl 

b) an amount of extractable residue of at least one 
vulcanxzatxon accelerator containing at least one 
carbon ato m bound to at least two sulfur atoms of f rom 
0.5 to I. 8% by weight based on the total weight of th! 

tread; ^ 

c) an amount of at least one activator, expressed as 
eguxvalents of zinc oxide, not higher than 2% by 
wexght based on the total weight of the tread; 

d) an amount of combined sulfur lower than 2 s* bv 
weight based on the total weight of the tread. 

For the purposes of the invention, such tread comprises the 

:rt S ^ described Love 

wxth reference to the tire according to the present 
invention . ^ benc 

Preferably, the tread of the invention is obtained by 
tT27 0 'c mOlding ° r CalSndering at * temperature of from 80 

Advantageously, the tread - once vulcanized by means of 

operations known per se - ha^ H^h • 

resi ,, an P r se has both an improved wear 

resistance compared to a tresri l- 

u cread of known type and 

we" ::!: C <toCt « 1 '"« «"* - - H« . satfsfactory 
wet skid resxstance and, in the presence of a silxca-basel 
rexnforcing filler, also reduced rolling resistance values 

As proved by laboratory tests carried out by the Applicant 
and as will be more readily apparent in the flowing 
description, the abradibility o£ a tread according 

:: entl ; 15 ° f f — 2 °* - *°% ^wer than the abradiMlxtJ 
measured on a tire tread of known type for the same type Jt 
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application . 

According to a further aspect of the invention, a 
vulcanizable rubber composition for the manufacture of a 
tread for vehicle tires is provided, comprising: 

a) a cross-linkable unsaturated chain polymeric base; 

b) a vulcanizing system comprising: 

bl) an amount of sulfur of from 0 . 5 to 2 phr; 

b2) an amount of from 1 . 5 to 7 phr of at least 
one vulcanization accelerator containing at least 
one carbon atom bound to at least two sulfur 
atoms ; 

b3) an amount not higher than 2 phr, expressed in 
terms of zinc oxide equivalents, of at least one 
activator . 

In the following description and the subsequent claims, the 
values expressed in phr refer to the parts by weight of the 
specific ingredient based on 100 parts by weight of 
polymeric base. 

For the purposes of the invention, such rubber composition 
comprises the ingredients described above with reference to 
the tire and the tread according to the present, invention. 

In this case, the amounts of the ingredients are expressed 
in phr and correspond to those identifiable in the 
vulcanized tread indicated above, with the proviso that the 
data on combined sulfur must be referred, in the case of 
the rubber composition, to sulfur introduced as such, and 
provided by the vulcanizing system. 

For the purposes of the invention, the amount of 
accelerator is of from 1.5 to 7 phr, preferably of from 2.5 
to 6 phr and still more preferably of from 3 to 5 phr. 
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Preferably, and provided that the ,„oi 

least one 2-benzothiazol* sro^ ^ :; Z a ^TV " 
the total amount of said group and the ^ 
activator expressed in terms of zinc 

» r ^ than 10 and , still more /r^L—ir; 

proved by elementary sulfur C a , leas tT f °\ *** 
> donors known in the art. ^ ° f the Sulfur 

Preferably, the sulfur donor is selects f 

comprising: dithiobismorpholine ^ b ^ 

dipentamethylene " ^ C ^-«prola= tan8( 

d.alkyldithiophosphate polysulphide < 

triethoxysilylpropyl polysulphide, ^yl^^ sulphi T s ' 
and mixtures thereof. puiaes ' 

Preferably, besides, the weight ratio between the sulfur of 
the vulcanizing system and the vulcanization accelerator Is 
°f from 0.16 (0.8/5) to 0.48 (1.2/2.5). ' 13 

In an embodiment of the -I nvp^i ^ ^, 

^y further comprise at least one' ^^^^ 
«cc el erator preferably selected from the class of the T 
called very fast accelerators or ultra a^ lo . 
which diphenylguanidines, dithioc^Lte f ^ 
mixtures thereof. oamates, thiurams, and 

Particularly effective very fast S r,oi 

selected F>-o m ,-v, accelerators are those 

selected from the group comprising zinc, bismuth, cadmium 
lead copper/ selenium/ tellurium 

dithiocarbamates. lron 
Among them, very f ast accelerators of pre f erred use are 
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(ZDEC), zinc dibutyl dithiocarbamate ( ZDBC) . 
phenyl dithiocarbamate (ZPpc) °' ' Zlnc e thyl- 

dithiocarba mate (ZBEC) , and mixtures ' ther J^ C 

Additional very fast ar^i 

* tbose select J ^ - are 

guanidine ( DPG) , tetrameth yl 9 m =«JPr iaing : dlphenyl 

tetraethylthiuram monosulp ^ ^ulphide ■ (xmtd) , 

thlUrM Sulphide, and mixtures dlmeth * ^phenyl 

Advantageously c= ir1 e ^ 

optimizing the production times. ^anization, 
To this aim, the secondary vulcanizat i i~ " 

used according to methQds ^ ^ - -^, tors are 
determined by those skilled in the art eaSily 

5 In relation to the use of vulcaiH re- 
production and subsequent ^i "! aCCele " to « - the 
invention, the Appli7 ant <* the tire of the 
use of accelerators f ree from "T^" 1 ^ *»»d that the 
'<* instance dibenzotlil yl ™ -h as 
Polymeric base including butadiel ' ±n * 
obtained in solution {S -sL } ^ ^1^ 
the vulcanization times, reducing at th "° 
Problems of premature vulcaniz.tio! Scorch" ^ 
observed in the similar- f , scorching-) which are 
the taoW n art. Elation rubber composite of 

Besides, in this embodiment of the i™ 

Possible to reduce or eliminate the sec" ' ^ ^ 

such as for instance diphenyl n * CCel — tors, 

both a better reproducibiii^ of the ^ ' 

the rubber composition and a a—J™*" P™***»9 
-bber compositions thus produced ™"°*»*Y of the 

In addition to the above describe • 

described ingredients, the rubber 



WO 00/37267 



- 16 - 



PCT/EP99/10190 



exposition used for manufacturing the t < r . tread f ., 
mventxon may incorporate one or mo^ ~ 
ingredient. ,no™ per se , necessary to ^ ^"^^ 
-hanical and processing cha ^, ^ *** -sired 
5 composition. tlcs to the rubber 

Such ingredients are in particular selected f 

prising plasties, P rT CBSS na " ^ 

antioxidants, antiageing agents, etc. adjuvants, 

Besides, each of such ingredients is -selected in th 
10 and proportions that can be easily det 

-killed in the art. Y Qetermined *y those 

The aforesaid ' rubber composition may be obtain « u 
of mixing operations conventional per se and " ^ Man8 
those skilled in the art, which b ^ 

L5 herein in detail. be n0t —scribed 

According to a further aspect of ^ 

vulcanizing system is provid / d ° fa f ^ invention, a 

wear resistance of an article obtainable by 
rubber composition comprising a cross ^li^, """^ * 
0 chain polymeric base, in particular a " ub b 

suitable for the manufacture of a tread f or h C °^^ 
including.- f ° r ve hicle tires, 

a) an amount of sulfur of from 0.5 to 2 phr; 

b) an amount of from 1.5 to 7 nv,. * 

coition. s,id wlc,„i,i„ g " tem rUb '" r 

system comprises the 
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ingredients and the characteristics disclosed above with 
reference to the tire and the tread according to the 
present invention. With respect to the amounts of the 
ingredients and their ratios, no significant deviations are 
found from those previously indicated with reference to the 
rubber composition. 

Very surprisingly, the vulcanizing system of the invention 
has allowed to obtain - using the same formulation of the 
polymeric base as known rubber compositions - an improved 
wear resistance of the rubber composition after 
vulcanization . 

In case of a tread for vehicle tires, the vulcanizing 
system of the invention has also allowed to achieve such 
result without substantially affecting the rolling 
resistance and wet skid resistance values. 

According to a further aspect of the invention, a process 
is provided for the manufacture of a tire for vehicle 
wheels comprising the steps of preparing around the • 
circumference of a belt structure the above described tread 
and of linking by vulcanization said tread to said belt 
structure . 

According to a further aspect of the invention, a process 
is provided for covering worn tire for vehicle wheels, 
comprising the steps of preparing around the circumference 
of a belt structure the above described tread and of 
irreversibly linking said tread to said belt structure. 

According to a further aspect of the invention, lastly, a 
method is provided for increasing the wear resistance of a 
.tire, said tire being provided with at least one carcass 
ply on which a belt structure is circumf erentially applied, 
and with a tread circumf erentially applied on said belt 
structure and externally provided with a rolling surface 
suitable to get in touch with the ground, which method is 
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characterized in that the tire ls provided with ^ 
5ffe^ S above. tread 

Additional characteristics and advantages of the invention 
will be more readily apparent from the fo,i • 
5 description of some examples of' tires tread 9 
vulcanise rubber compositions .cco^ 
- .ade solely by way of no, limitative indication - T th 
reference to the attached drawing, whose only f igure shows 
a partly interrupted cross-section of a tire according 1 
10 ^the invention. y 

| ^ With reference to such figure, a tire X conventionally 
„ -Pr-es at least one carcass ply 2 whose oppQsite J 

edges are externally bent around bead wires 3, incorporated 
each in a bead 4, defined along an internal circumferential 
edge of the tira. wherein the tire itself engages on a 
wheel rim 5 of a vehicle. 

Along the circumferential development of the carcass ply 2 
a belt structure 12 is ap P l ied comprising one or more belt 

20 rz:i :zr. of textiie or metai — — — . 

Externally to the carcass ply 2 , in respective 
-xde portion thereof, a couple of sidewalls 7 are applied 
each of which extends from the bead 4 u P to a so-called 

« of ire L r it 2 T 8 t ° f tirS ' def±ned - — 

" or ctte belt structure 12. 

ITl-T ^ ^^"^ 12 a * I- circu m ferentially 

with the T T ed9SS " ^ Sh ° UlderS 8 ' •Joialzi 

wxth the sidewalls 7. The tread 9 has an external rolling 

surface 9a , suitable to get in touch with ^ ^ 
wherein Circumferential grooves XO may be obtained, spaced 

ll TT: rSal 9r ° OVeS ' ShOWU ln the att -*ed ^9ure 

which define a plurality of tread' blocks XX variously 
distributed along said rolling surface 9a "ously 
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The above described tire 1 may be manufactured by means of 
a process including a plurality of production steps, 
conventional in themselves and known in the art . 

More particularly, such process comprises the steps of 
preliminarly and independently preparing several semi- 
finished products corresponding to the different Darts of 
the tire (carcass plies, belt strips, bead wires, beads, 
fillings, sidewalls and treads) which are successively 
assembled with one another by a' suitable assembling 
machine . 

The subsequent vulcanization step then welds together the 
above semi-finished products to form a monolithic block, 
i.e. the tire. 

Clearly, the step of preparing the above semi - finished 
products is preceded by a step of preparing and forming the 
corresponding rubber compositions . 

In the tires of the invention, the tread 9 is produced by 
forming a vulcanizable rubber composition of the type 
described above. 

The top capping or covering of a worn tire instead may be 
carried out, in a manner known per - se, according to two 
different methods known as hot covering or cold covering. 

In both cases, the worn tire is prepared by removing the 
tread up to the belt structure on which a suitable rubber 
composition sheet is applied. 

In hot covering, the tread is made of crude rubber 
composition and is irreversibly linked to the belt 
structure in a suitably shaped vulcanization mold that has 
also the function of generating the desired tread pattern. 



In cold covering, the tread is made of a rubber composition 
already vulcanized and already bearing the tread pattern, 
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and is irreversibly l inke d to the belt ^ 
autoclave. elt structure in an 

In the following examples, solelv „■ 

Imitative indication, some ° le ZZ IJI ^ <* — 

5 compositions and tires according to the ° f ***** 

comparative tests which both the t^To^^ 011 ^ 
conventional tires have been subjected ^ 

provided. ] Cted to ' now be 

The rubber compositions used were al 9n -, 

o a. termin . th . content of the £oiL - :: -~ i. «a. r to 

a) extractable residue of the vulcanizat^ 

vulcanization accelerators; 

b) activator; 

c) combined sulfur. 

a procedure described hereunrier ^ 
determination of the extract-,™ ^eunder for the 

v^j- <-ne extractable residue r,F i 
accelerators; Ue of vulcanization 

b) analytical methods described in IS0 som /■. - 
the determination of the activator" ' f ° r 

O combustion in oxygen according to the „„ , - ■ 
Ascribed in .s™ D 297 ^or the meth ° dS 

combined sulfur. determination of 

From the tests carried out, f or a n 

intervals specified above, "thin the value 
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* ★ ★ * * * * 



nnpraf.ina pmnedure for the determination of the 

pyfrartahlP resi g n** of an accelerator including at least 

in order to determine the extractable residue of an 
accelerator including at least one 2 -mercapto-benzothiazole 
group by means of HPLC , the following methodology was 
followed. 

In a first step, a reference standard solution was prepared 
by weighing, by means of an analytic balance having a 
precision of 0.1 mg, 100 mg of 2 -mercapto-benzothiazole 
(MBT) , transferred afterwards into a 1000 ml volumetric 
flask. Then, methanol was added up to volume and afterwards 
the MBT was dissolved by stirring the flask. 

5 ml of the solution thus obtained were drawn and 
transferred into a 25 ml volumetric flask, where 5 ml of a 
solution of hexanthiol and pyperidine (previously prepared 
by mixing 14 ml of hexanthiol with 100 ml of pyperidine) , 
and about 15 ml of methanol were added, so as to bring up 
to volume the resulting mixture. 

The solution thus obtained, containing about 0.5 mg of MBT 
was used as a reference standard solution. 

In the second step, a solution of the sample to be analyzed 
was prepared as follows. 

From a sample of the vulcanized rubber composition to be 
analyzed - previously reduced to a thin sheet having 
thickness of 0.5 mm, 100 mg (weighed by means of an 
analytic balance having a precision of 0.1 mg) were drawn, 
reduced afterwards to square pieces of 5 x 5 mm of side, 
) and introduced into a 25 ml volumetric flask. After having 
introduced 5 ml of the solution of hexanthiol and 
pyperidine prepared as illustrated above (extraction 



a 
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The flask was plugged again and stir^rf f 

room temperature and then let to r^'t t & time at 

tor at l east 2 hours 
The reference standard solution and th. 

Prepared in this way were T SOluti °* 
chromatographic column for rj^*^ ^ ° £ * 

constituted b y commercially availa^ s^L ^^^^^ 
an outer l ayer including c la aIkvl * Provide d with 

average si2e of the particles "of ^ut ^ ^ « 

The operating conditions of the column 

6 C ° 1Umn " ere the following; 



- injected volume 

- working T of the column 
15 - flow rate of the eluent 



elution program: 
time (min) 

0 

10 

15 
20 
25 
30 



: 2.5 M i _ 

: 40 °C 

: °-25 ml /min 



eluent A (%) 
100 
100 
0 
0 
100 
100 



eluent B (%) 
0 
0 
100 
100 
0 
0 



Eluent A: solution prepared by mixina , , 

Phosphoric acid, 400 ml of distill J , ° f 85% 

!« and naving . a ».i. tl ^ -22 

MOhm*cm, and soo ml of methanol ^0^^^ **** '° 
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acid, 3.2 ml in 1000 ml of methanol . 

Measurements were made at 323 nm with 4 nm of passing band 
through a total of 3 chromatographic determinations for 
each solution (reference and sample) . 

The amount of extractable residue (% by weight) was 
calculated with the following formula: 

MBT% = [(P t * H C )/(P C * H t )] * 100 

wherein: 

P c = mass in mg of MBT contained in the reference standard 
solution 

H c = mean of the peak areas obtained for the sample 
solution 

P c = mass in mg of the sample 

H t = mean of the peak areas obtained for the reference 
standard solution 

* * * * ★ * ★ 

EXAMPLES 1-2 

(100% silica rubber compositions) 

Rubber compositions having the composition shown in the 
following Table I were obtained by two mixing phases 
carried out by means of a rotor mixer known per se 
(Banbury) using a 70% filling factor. In the first step, 
all the ingredients except the vulcanizing system were 
loaded in the rotor mixer and mixed at 4 0 rpm for 4 
minutes, keeping the temperature of the rubber composition 
at 160°C. 

In the second step, carried out after having cooled the 
rubber composition obtained down to 23 °C, the vulcanizing 
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system was mixed to the other ingredients in tb- , oto , 
mixer at 40 rpm for 4 minutes, taking care to keep' th ' s 
temperature of the rubber composition at a value of ahou't 
100 C to avoid a premature triggering of vulcanization. 
The following ingredients were used: 

S-SBR = butadiene-styrene copolymer prepared in solution 
having a styrene content equal to 20% by weight and a vinvl 
groups content equal to 60% by weight, available on the 
market under the trade name BUNA® VSL 5025/1 (BAYER) ; 

- BR = polybutadiene, available on the market under the 
trade name EUROPRENE® NEOCIS (ENICHEM) ; 

- NR = natural rubber available on the market under the 
technical designation TSR (Technically Specified Rubber) 

2 0; 

- SiG 2 = amorphous silica available on the market under the 
trade name Zeosil™ 1165 MP (Rhone - Poul enc > ,- 

'^Z^ = S ° lid COmP ° Sition deluding 50% carbon black 
(»330) 50% bis(3-triethoxysilyl- P ropyl)tetra S ulphide 

available on the market under the trade name XS0S 
(Degussa) / 



TM 



- aromatic oil = DAE (Distillate Aromatic Extract) ; 

-wax = composition of microcrystalline wax available on 
the market under the trade name ANT I LUX™ 654 (BAYER) ; 

- vulcanizing system: 

stearic acid, 

ZnO obtained by indirect method (American type) , 

6PPD = N-l,3-dimethylbutyl-N'-phenyl- p - ph enylendiamine 
available on the market under the trade name 
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VULKANOX™ 4 02 0 (BAYER) , 

DPG = diphenylguanidine available on the market under 
the trade name VULKACIT™ D (BAYER) , 

MBTS = dibenzothiazyl disulphide available on the 
market under the trade name VULKACIT MERKAPTO™ 
(BAYER) , 

CBS - N-cyclohexyl -2 -benzothiazyl - sulphenamide 

available on the market under the trade name 
VULKACIT™ CZ (BAYER) , 

S = sulfur. 

The rubber composition of Example 1 (comparison) is a 
conventional rubber composition used for the manufacture of 
treads for vehicle tires, while the rubber composition of 
Example 2 is a rubber composition manufactured according to 
the present invention. 

According to procedures conventional per se and known in 
the art, the above rubber compositions were submitted to 
vulcanization and then to a number of tests in order to 
evaluate some characteristic parameters of the vulcanized 
compositions. Such parameters may be considered as 
representative of the characteristics of a tire tread 
obtained with said compositions. 

The parameters taken into consideration were the following: 

TS2 = time at 170 °C necessary to achieve an increase of two 
rheometric units measured by means of Monsanto rheometer 
model MDR 2000; 

T90 a time at 170°C necessary to reach 90% of the final 
couple value measured by means of Monsanto rheometer model 
MDR 2000; 



30 



IRHD = International Rubber Hardness Degree measured 
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according to DIN 53519 standard, part 1 ; 
R.E. = % elastic yield m« c,,>- c ^ , 

to DIN 53504 standard, ' ne " U " d «=°«ing 

O. 3 . traction ferca (r.t.rred to the section of th« t.st 

Piece), necessary to have a Tnn* e *- • 

t o DIN 53504 standard; """^ 

» E' 0°C = elasticity modulus measured at o°C; 

E' 70°C = elasticity modulus measured at 70°C; 

TangS 0°C = ratio between the loss modulus ( E ^ } and the 
elasticity modulus (E' ) measured at 0°C ; 

TangS 7 0 o C - ratio between the loss modulus (E ' ' ) and th. 
elasticity modulus (E ' ) measured at 70=0; 

abraded volume = amount of rubber composition removed 
:™ n : ^ ™* ™ - DIN 535^6 

ZnO = % by weight of the activator,- 

«c T el ;„:« b r " ei9ht °* th « «•*«««. o £ th « 

C.S. = % by weight of combined sulfur; 

CS./MBT = weight ratio between the combined sulfur and ^ 
extractable residue of the vulcanization accelerator 

The values of E' E" anH t=«~* 

/ n and TangS were determined bv u<9in« 
commercially available apparatuses of t-h. 9 

« — „ g , e yli „ dr iL t e ::: P :L: ™::r~: d 

coition. „avin 9 . length of 25 _ ^ , 
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of 14 mm, Drecompressed up to a longitudinal deformation of 
25% of its original height and kept at the prefixed 
temperature (0° or 70°C) , to a dynamic sinusoidal 
deformation having a maximum width of ± 3.50% of the height 
under preloading, with a frequency of 10 cycles per second 
(10 Hz) . 

For the purposes of the present invention, it is intended 
that all the mentioned values of E', E ' ' and tangS have 
been and should be measured according to the above 
described method . 

The results of the tests carried out are reported in the 
following Table II. From the data reported in such table, 
it may be inferred that the vulcanized rubber composition 
of the invention (Example 2) achieves with respect to the 
comparative composition (Example 1) a marked improvement in 
terms of wear resistance (which may be related to the 
amount of removed rubber composition) , against 
substantially similar performances in terms of wet skid 
resistance and rolling resistance (which may be related to 
the values of TangS at 0°C and 70 °C respectively) - 

EXAMPLES 3-6 

(50% silica/50% carbon black rubber compositions) 

Rubber compositions having the composition reported in the 
following Table III were obtained according to the 
procedure described in the preceding Examples 1-2 . 

The ingredients used were the same of the preceding 
Examples 1-2, except for the following: 

- CB = carbon black N375, available on the market under the 
trade name VULCAN®J (CABOT CORPORATION) ; 

TBBS = N-tert . butyl -2 -benzothiazyl sulphenamide , 
available on the market under the trade name VULKACIT™ NZ 
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(BAYER) . 



) 



The rubber compositions of Examples 3 and 6 , 

are: ^ J and 6 (comparison) 

- a conventional composition used f or Vh« 
5 treads for vehicle tires (Example 3) and ° f 

a rubber composition havino an ^ . 
residue of the vulcanisation acce ler a o ^ "'""^ 
aforementioned lower limit of 0 S a nd a i h " ^ 
ratio between the combined sulfur T * 
° -sidue of the TO Ic ani2ati r f :Xa^ —table 
aforementioned upper limit of 2 . 8 ^ 

The rubber compositions of Examples 4-5 are ™ 
manufactured according to the present invention " 

According to procedures conventional p er se and . 

the art the „,kh D , ^ e and known in 

arc, the rubber compositions of Examples 1 * 
submitted to vulcanization and then to a ? ^ 
order to evaluate some characteristic 2 °* ^ 

vulcanized compositions. Parameters of the 

-^rj^^.~ itoti - - - - of 

it may be inferred that ^J^L^L ^ ^ 
of the invention (Example 4-5) achieve -H C ° mP ° Siti ° ns 
co mP arative compositions { ,L^T\ ^ ^ 
improvement i n terms of abrasion • . * marked 

related to the amount ~ " <» h ^ may be 

against substa^tiaTy ^m^ar" ^ ' 
-d- resistance and' »U^^~' ^ ^ ° f ^ 
related to the values oj Tan be 
respectively,. 13096 at °° C ^nd 70°C 
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From the data reported in Table IV, it may also be inferred 
that if the amount of extractable residue of the 
vulcanization accelerator present in the vulcanized rubber 
lies outside of the aforementioned range of 0.5 - 1.8, the 
5 performance of the tread in terms of abrasion resistance 
are . unsatisfactory and remain comparable with that of the 
prior art even if the amount of the 'activator and that of 
combined sulfur lie within the ranges pointed out 
hereinabove . 

10 EXAMPLES 7-8 



Rubber compositions having the composition reported in the 
following Table V were obtained according to the procedure 
described in the preceding Examples 1-2. 

15 The ingredients used were the same of the preceding 
Examples 1-2, except for the following: 

- SBR 1500 = EUROPRENE® 1500 (ENICHEM) ; 

- SBR 1712 = EUROPRENE® 1712 (ENICHEM) ; 

The rubber composition of Example 7 (comparison) is a 
20 conventional composition used for the manufacture of treads 
for vehicle tires, while the rubber composition of Example 
8 is a composition manufactured according to the present 
invention . 

According to procedures conventional per se and known in 
25 the art, the rubber compositions of Examples 7-8 were 
submitted to vulcanization and then to a number of tests in 
order to evaluate some characteristic parameters of the 
vulcanized compositions. 

The parameters taken into consideration were the same of 
30 the preceding Examples 1-2. 



(100% carbon black rubber compositions) 
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The results of the tests carried out are reoorted in the 
rolling Table VI. From the data reported in such table 
,t can be inferred that the vulcanized rubber composition 
of the invention (Example 8) achieves with respect to the 
comparative composition (Example 7) a marked improvement in 
terms of abrasion resistance (which may be related to the 
amount of removed rubber composition), against 
substantially similar performances in terms of wet skid 
resistance and rolling resistance (which may be related to 
the values of TangS at 0°C and 70°C respectively) . 

EXAMPLES 9-12 

(Tires including silica and carbon black) 



A 



set of tires having the composition reported in the 
following Table VII were obtained by means of manufacturing 
operations conventional per se , using a polymeric base 

including : 

- S-SBR and BR (see the preceding Examples 1-2) ; or 

- BR (see the preceding Examples 1-2) and E-SBR - 
butadiene -styrene copolymer prepared in emulsion, having a 
styrene content equal to 23.5% by weight and an average 
content of vinyl groups equal to 17% by weight, available 
on the market under the trade name EURO PRENE® 1712 
(ENICHEM) . 

The tires of Examples 9 and 11 (comparison) are of 
conventional type and were obtained using the ingredients 
and the amounts suggested by the prior art, while the tires 
of Examples 10 and 12 were manufactured according to the 
present invention. 

The dimensions of the tires were the following: 195/65-15. 

Such tires were then mounted on Lancia K cars having a 
displacement of 2400 cm 3 and submitted to a number of tests 



WO.00/37267 



- 31 - 



PCT/EP99/10190 



m o 



rder to determine the wear resistance. 



In the present case, the test cars were driven through 
20,000 km of a mixed course with full load, at the end of 
which the height reduction of the tread blocks, 
proportional to the rubber quantity worn off, was measured. 

The tires were compared - the formulation of the polymeric 
base being equal - attributing a wear resistance index (RU 
index) equal to 100 for the tires of Examples 9 and 11 
(comparison) . 

The evaluation of the tires obtained starting from the 
rubber compositions of Examples 10 and 12 (invention) 
involved a % variation of such index depending .on the wear 
observed on the tested tires. In the present case, the 
higher is the value of the index, the greater was the 
height of the tread blocks after the course, i.e. the 
better was the wear resistance of the tread. 

The results of the tests carried out are reported in the 
following Table VI. 

As may be observed from the aforesaid table, the tires of 
the invention (Examples 10 and 12) achieved, with respect 
to the comparative tires (Examples 9 and 11) a marked 
improvement in terms of the wear resistance of the tread, 
represented by a corresponding increase in the 
corresponding index. 
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TABLE I 

(100% silica rubber compositions) 





Ingredients 


Ex. 1 
(comp . ) 


Ex. 2 
(inv. ) 






S-SBR 


ft n 


80 






BR 




33 




NR 


i n 
J. u 


10 




SiO, 

2 


"7 n 


70 






TESPT 


IT O 
J- -L . ^ 


11 .2 




aromatic oil 


5 


5 




wax 


1 


1 


i —\ 


stearic acid 


2 


2 


ilSS; 


ZnO 


2.5 


1 




6PPD 


2.5 


L? 




DPG 


1 . 92 






MBTS 




3 




CBS 


1.8 






sulfur 


1 


1 
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TABLE II 

(100% silica rubber compositions) 





Properties 


Ex. 1 

(comp . ) 


Ex. 2 
( inv . ) 




TS2 [min] 


1 . 06 


0 . 84 




T9 0 [min] 


3 . 58 


5 . 93 


t'i% 


IRHD 


74 .4 


73 . 8 


w 


R.E. [%] 


47 


43 




CA 1 [N/mm 2 ] 


2 . 32 


2.20 


l.J 


CA 3 [N/mm 2 ] 


10 . 13 


8 . 17 




E ' 0°C [MPa] 


11.21 


14.10 




E' 7 0°C [MPa] 


6.43 


7 .40 




Tang5 0°C 


0 .410 


0.379 




TangS 7 0 °C 


0 . 136 


0 . 151 




Abraded volume [mm 3 ] 


87 


48 




ZnO [%] 


1 . 00 


0 .44 




MBT [%] 


0 .33 


0.69 




C.S. [%] 


1 . 52 


' 1 . 60 




C . S . /MBT 


4 . 61 


2 .32 
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III 
□ 



TABLE III 
(50% silica/50% carbon black rubbe 



r compositions) 
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TABLE IV 

(50% silica/50% carbon black rubber compositions) 



Properties 


Ex. 3 

{ como . ) 


Ex. 4 

( inv. ) 


Ex. 5 
(inv. ) 


Ex. 6 
(comp . ) 


TS2 [mini 


1 .27 


1 . 23 


1 . 73 


1 .21 


T9 0 [min] 


3 .42 


4 .09 


3 . 52 


3 . 19 


IRHD 


72 . 5 


73 . 0 


71 . 6 


72 . 1 


R.E. [%] 


40 


37 


38 


37 


CA 1 [N/ram ] 


2.78 


2.28 


2.28 


A . Z b 


CA 3 [N/mm ] 


10 .87 


8.39 


8.46 


8.34 


E' 0°C 
[MPa! 


14 . 74 


15.51 


14 . 69 




E ' 70°C 
[MPa] 


6 . 54 


6 .31 


6 . 06 


6.30 


TangS 0°C 


0.469 


0 .469 


0 .478 


0.485 


Tang5 7 0 °C 


0 . 142 


0 . 166 


0 . 163 


0 . 172 


Abraded 
volume [mm 3 ] 


79 


63 


69 


77 


ZnO [%] 


1.59 


0 .60 


0.60 


0 . 60 


MBT [%] 


0 . 17 


0 . 82 


0 . 63 


0 .44 


C.S. [%] 


1 .86 


1 . 60 


1 . 60 


1.42 


C.S. /MBT 


10 . 9 



1 . 95 


2 . 54 


3 .23 
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TABLE V 

(100% carbon black rubber compositions) 



Ingredients 



SBR 1500 



SBR 1712 
CB (N3 75) 
aromatic oil 
stearic acid 



wax 



ZnO 



6PPD 



DPG 



Ex. 7 



(comp . ) 
27 



73 



60 



7.5 



1 . 5 



2.5 



1 . 5 



0.2 



Ex. 8 

(inv. ) 
27 

73 

60 



7 . 5 



1 . 5 



1.5 
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TABLE VI 

(100% carbon black rubber compositions) 



Properties 


Ex. 7 


Ex. 8 




(comp . ) 


( inv. ) 


TS2 [min] 


2 . 6 


2 .46 


T9 0 [min] 


5.27 


4 . 20 


IRHD 


68 


70 . 5 


R.E. [%] 


28 . 8 


28 . 2 


CA 1 [N/mm 2 ] 


1 . 84 


2 . 15 


CA 3 [N/mm 2 ] 


7 .45 


9 . 54 


E ' 0°C [MPa] 


18 . 87 


19.88 


E' 70 °C [MPa] 


6 . 17 


5 . 96 


Tang 5 0°C 


0 .542 


0 . 543 


Tang5 70 °C 


0 .295 


0 .285 


Abraded volume [mm 3 ] 


83 


66 


ZnO [%] 


1.54 


0 . 60 


MBT [%] 


0 . 57 


0 .56 


C.S. [%] 


0 . 88 


1.06 


C.S. /MBT 


1.54 


1.89 
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TABLE VII 

lubber compositions comprising silica/carbon black) 



Ingredients 



S-SBR 



E-SBR 



BR 



CB 



sio, 



ZnO 



DPG 



CBS 



MBTS 



Ex. 9 



(comp . ) 
75 



25 



35 



35 



0 . 64 



1.4 



Ex. 10 



(inv. ) 
75 



25 



35 



35 



Ex. li 

.(comp . ) 



80 



20 



45 



20 



0.4 



1.4 



Ex. 12 
(inv. ) 

80 
20 
45 
20 



sulfur 
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TABLE VIII 
(tires comprising silica/carbon black) 



Properties 


Ex. 9 
(comp . ) 


Ex. 10 
( inv . ) 


Ex. 11 
(comp . ) 


Ex. 12 
( inv . ) 


RU INDEX 


100 


133 


100 


120 



RU index - wear resistance index (high is better) 



